To test our hypothesis that GABA causes an excitatory response in the PC neurons, the effects 88 of GABA on PC neurons were tested using a combination of different techniques including 
MATERIALS AND METHODS

105
Animals
106
All experiments were performed using adult (3 -4 months after hatching) slugs, Limax Perforated patch-clamp recordings and whole-cell patch clamp recordings were made using 117 previously published experimental protocols (Watanabe et al. 1999 (Watanabe et al. , 2003 . The cerebral 118 ganglion was isolated, and the sheath on the surface of the PC was mechanically removed 119 with fine forceps. The posterior surface of the PC was accessible with a patch pipette (the 120 recording sites were around the area represented by arrows in Fig. 4C ). The patch-clamp and were recorded on a computer via an A/D converter (Digidata 1322A, Molecular Devices).
142
All the experiments were done at room temperature. The cDNAs were derived from the total RNA extracted from the Limax CNSs. They were were registered in GenBank (accession numbers: AB473944 and AB477969, respectively).
210
The nucleotide sequences of the PCR primers for limGABA A -R (Primer A1-A7) and 211 limGABA B -R (Primer B1-B5) were as follows: For the expression analysis, the cDNAs from three CNS regions, i.e., the PC, the cerebral 241 ganglia without the PC, and the subesophageal ganglia, were prepared as described previously Quantitative Real-Time PCR
248
The method for RNA analysis was modified from the previous report (Sadamoto et al. 2010 ).
249
RNA was extracted using an RNAqueous-Micro kit (Applied Biosystems/Ambion, Foster observed on spontaneous EPSCs or EPSPs by the application of 1 mM GABA (Fig. 1B, C) .
278
On the other hand, in nonbursting neurons, the application of 1 mM GABA decreased the 279 amplitude of spontaneous IPSCs and IPSPs, but it did not change the frequency of such 280 spontaneous synaptic events (Fig. 1B, D) .
To confirm these GABAergic effects, we bath applied 1 mM GABA while the PC neuron was 283 current-clamped. We observed an increase in the both the number of spikes and EPSPs in 284 bursting neurons (Fig. 1E ) that was thought to be caused by increments of excitatory inputs 285 from nonbursting neurons. We next recorded the spontaneous activity of nonbursting neurons 286 and found that bath application of 1 mM GABA resulted in an increase in the number of 287 spikes in nonbursting neurons (Fig. 1F) . In voltage-clamp recordings, the amplitude of 288 spontaneous IPSCs in nonbursting neurons was significantly decreased 1 min after GABA 289 application in a dose-dependent manner (10 μM, 85.5 ± 8.8%, n = 14, P < 0.05 vs. control, 290 paired t-test; 100 μM, 74.9 ± 4.0%, n = 13, P < 0.01; 1 mM 74.2 ± 3.9%, n = 11, P < 0.01; Fig.   291 1G). In bursting neurons, the amplitude of the spontaneous EPSC was slightly decreased by
292
GABA at the higher concentration (1 mM, 82.3 ± 5.8%, n = 11, P < 0.05 vs. control, paired 293 t-test; Fig. 1G ). In current-clamp, the number of spontaneously generated spikes in These effects suggest that GABA functions as an "excitatory modulator" in the PC. The 319 presumable action sites of GABA in the PC are summarized in Fig. 6 (see Discussion section).
320
On the other hand, the presumable action sites of GABA may not be confined to the synaptic , 1 mM each) (Fig. 2D) (Fig. 2E, F) . However, there were both bicuculline-insensitive and the phaclofen-insensitive 346 15 cultured PC neurons. In some bicuculline-insensitive PC neurons (Fig. 2G) transients in the phaclofen-insensitive PC neurons (Fig. 2H) . A low concentration of GABA
350
(10 μM) was bath-applied in these experiments (Fig. 2D-H 
GABA-like Immunoreactivity in the CNS
358
To confirm that GABA is present in the PC, we stained the cryostat sections of the Limax
359
CNS with the anti-GABA antibody. Previously, Cooke and Gelperin (1988) found GABA-
360
LIR neurons and fibers in the Limax CNS using the whole-mount preparations, but they did 361 not pay attention to such GABA-LIR signals in the PC.
363
The PC consists of the three layers: the cell mass layer (CM, cell body region, the lateral and 364 the dorsal side of the PC), the terminal mass layer (TM, neuropil region, the middle layer of 365 the PC) and the internal mass layer (IM, neuropil region, the ventral side of the PC). In the 366 sagittal sections, we found two types of GABA-LIR fibers in the neuropil regions of the PC 367 (Fig. 3) . One was the thick GABA-LIR bundle fibers innervating the TM, and the other one 368 was a small number of nerve fibers innervating the IM (Fig. 3A, B) . The thick bundle in the
369
TM may have originated from cluster neurons in the ventral side of the cerebral ganglion
370
(Cooke and Gelperin, 1988), and its terminal in the TM had fine varicose processes (Fig. 3C,   371 16 arrow). The fibers in the IM also possessed varicose processes in the terminal (Fig. 3C,   372 arrowhead). These GABA-LIR fibers were observed only in the most medial region, i.e. the 373 basal region of the PC (Fig. 3D) .
375
The CM contains the cell bodies of a large number of nonbursting neurons, whose diameters (Fig. 4A, B) and weakly stained GABA-LIR cell bodies in the CM (Fig. 4C, D) .
382
Pre-absorption experiments showed substantially weaker GABA-LIR signals in the cerebral 383 ganglion with the PC (Fig. 4E-H) . In cultured PC neurons, a few GABA-LIR cells were also 384 found (2 -5% in the PC, Fig. 4I-K) , whereas GABA-LIR cells were not found in cultured PC 385 neurons in pre-absorption experiments (Fig. 4L-N) . We found a large GABA-LIR cell with 386 two neurites (Fig. 4O-Q) . This cell has not been previously identified. that in the subesophageal ganglia but low in the cerebral ganglia (Fig. 5A) . In the present study, we found GABAergic modulation on the PC neurons, and three effective and/or spikes) onto bursting neurons (Fig. 1E, F) . Because bursting neurons project those neurons revealed that isolated and individual neurons can express spontaneous spike activity.
447
This result, together with those of the present study, leads us to speculate that some of 448 neurons without synaptic connection responded to GABA (Fig. 2A) . In addition, we showed 449 that extracellular Ca 2+ plays an essential role in the generation of spontaneous Ca 2+ activity in 450 cultured PC neurons (Fig. 2D) . Spontaneous fluctuations in Ca 2+ activity is thought to reflect 451 a spontaneous spiking activity in cultured PC neurons. In the present study, GABA increased 452 the level of spontaneous Ca 2+ activity in cultured PC neurons ( Fig. 2A-C) , whereas GABA 453 application did not evoke any currents in the voltage-clamp recordings from single PC 454 neurons (Fig. 1C, D) . These results suggest that the GABA-induced increase in Ca A small number of weakly staining GABA-LIR cell bodies were observed in the cell body 465 layer of the PC-i.e., the CM-and GABA-LIR neurons with their neurites were observed in 466 cultured PC neurons (Fig. 4) . These GABA-LIR neurons in the CM may be involved in the immunostaining, the extrinsic GABA-LIR fibers from the cerebral ganglion were found in the 478 TM and IM of the PC (Figs. 3 and 4) . In the electrophysiological analysis, suppressive effects 479 of GABA on the spontaneous PSCs were larger in nonbursting neurons innervating TM and
480
IM than in bursting neurons of the CM (Fig. 1) . Taken together, these results lead us to
481
propose that GABA-LIR fibers in the TM and IM may contribute modulatory effects to the 482 input and output networks of the PC (see GABA 3 in Fig. 6 ). These two effective sites (that is, found that the expression level of the GABA B receptor was higher than that of the GABA A 493 receptor in the PC (Fig. 5) . The application of GABA receptor antagonists on cultured PC 494 neurons suggested that synaptic modulation via GABA B receptors was predominant in the 495 neuronal activity of the PC (Fig. 2G, H) contribute to the enhanced membrane excitability and spike activity. As shown in Figure 1I, were significantly decreased by GABA application (1 mM, ** P < 0.01; n = 11, top). Fi (Control) Fiii (Washed) Fii (GABA) Ei (Control) Eiii (Washed) Eii ( 
